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ABSTRACT

CdSxSe1-x ternary alloy nanowires (x = 0, 0.5, 1.0) were fabricated by in-situ synthesis on interdigitated electrode. Morphology

analysis of the alloy nanowires according to the synthesis zone and composition analysis of the nanowires were carried out by

SEM and EDX. The crystal structures of the alloy nanowires were studied by XRD analysis. The I-V characteristics of the

nanowire photosensors were analyzed according to the intensity of incident light. The influence of zonal synthesis position on the

photosensor response to the wavelength of incident light was also analyzed, and was found to be related to the bandgap of alloy

nanowires. The analysis results indicate that photosensors with a specific photoresponse could be selected based on the composi-

tion of the source materials of nanowires as well as by controlling the in-situ synthesis zone.
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1. Introduction

ide-bandgap II–VI materials, such as CdTe, ZnTe,

CdSe, ZnSe, and CdS have been typically used for visi-

ble light detection. Among the semiconductors, CdS and

CdSe are the most promising materials for detecting visible

radiation due to their primary band gap of 2.4 eV (516 nm)

and 1.7 eV (729 nm), respectively, and high sensitivity.1-7)

Quantitative measurement of the electron and hole mobil-

ity-lifetime products of CdS and CdSe nanowires using

scanning photocurrent microscopy has provided experimen-

tal evidence that the carrier lifetime is increased in nanow-

ires compared to that in the bulk material.8,9) Taking

advantage of the photo-response properties of CdS and

CdSe nanowires, photoconductors have been fabricated as

ohmic contact-based devices, using techniques like dis-

pensed nanowire suspension and e-beam lithography. Gen-

erally, nanowire photoconductors are fabricated by horizon-

tally dispersing single nanowires or placing a nanowire

mesh (either randomly distributed or aligned along a prefer-

ential direction) on an insulating substrate, and then apply-

ing an external bias between metal electrodes. Upon

illumination, the electrical conductivity increases and thus

provides light-sensing abilities.10-14) Nanowire photosensors

have also been fabricated by dispensing and drying nanow-

ire suspensions on interdigitated electrodes (IDEs). 

In this work, synthesis of CdSxSe1-x ternary alloy nanow-

ires was performed on the Au surface of IDE.15-18) Such a

direct synthesis process of nanowires is referred to as in-situ

synthesis, and the optical properties of the photosensors

were analyzed according to the wavelength of the incident

light and the synthesis zones in the vacuum tube.

2. Experimental Procedure 

2.1. In-situ nanowire synthesis by pulsed-laser depo-

sition 

CdSxSe1-x ternary alloy nanowires were synthesized using

a pulsed-laser deposition (PLD) system with a KrF excimer

laser (Compex-205, Lambda Physik, Germany) excited at

248 nm. As the source material, CdS and CdSe powder was

sintered at 600°C for 1 h in a hot-wall furnace (Ajeon, South

Korea). The sintered target was located at the center of a

quartz tube with a diameter of 5 cm in the hot-wall furnace,

as shown in Fig. 1. Once the temperature reached 650°C

within 15 min, the KrF excimer laser was focused on the

CdS target and the laser energy density was maintained at

120–126 mJ/cm2. The synthesis temperature was main-

tained at 650°C for 30 min under an Ar and H2 (5%) atmo-

sphere with a constant inner pressure of ~ 667 Pa (~ 5

Torr). IDEs with a width of 5 μm were located 9–12 cm from

the sintered CdS target in the furnace tube.17-19)

2.2. Photosensor measurement 

The IDE was fabricated on a glass substrate using a UV-

photolithography process.20,21) For the fabrication of the
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Fig. 1. Set-up for the in-situ synthesis of CdSxSe1-x ternary alloy nanowires by pulsed-laser deposition (PLD).

Fig. 2. Characterization of in-situ synthesized CdSxSe1-x ternary alloy nanowires. SEM images of CdSxSe1-x ternary alloy nanow-
ires (x = 0, 0.5, 1.0).
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IDE, a positive photoresist (AZ-GXR-601) was spin-coated

with a thickness of 2 μm on a 4-inch quartz wafer. After

soft-baking at 100oC for 1 min, the UV-photolithography

process was carried out using a photo mask for the IDE. The

IDE was designed with 100 pairs of finger electrodes each

with a width of 5 μm, with a space of 5 μm between the elec-

trodes. The IDE was then baked at 180oC for 1 min. After

developing the IDE pattern, a Ti layer was deposited as an

adhesive layer with a thickness of 10 nm, and a layer of gold

was deposited with a thickness of 100 nm by using a ther-

mal evaporator. The IDE pattern was obtained after a lift-

off process.

The photocurrent was measured using a commercial

potentiostat (Compactstat) and a light-control module

(IVIUM Co., Netherlands), as previously reported.19) The I–

V curve from each photosensor was measured with an

applied voltage range from −1.0 to +1.0 V under UV light

illumination in a power range of 28.07–138.7 μW/cm2. The

intensity of the incident light was calibrated using an opti-

cal power meter (New Port Co., USA). The photo-response of

each photosensor was measured at an applied potential of

100 mV for various photo-intensities. The photocurrent was

measured according to changes in the wavelength of the

incident light by using a fluorescence spectrometer (LS-55,

Perkin-Elmer Co., USA), connected to the external wave-

guide cable as a light source.

3. Results and Discussion

3.1. In-situ synthesis of CdSxSe1-x ternary alloy nano-

wires

In-situ synthesis of CdSxSe1-x ternary alloy nanowires was

carried out using PLD.15,17,19) For the in-situ synthesis of

nanowires, a sintered target of nanowire material and elec-

trodes for nanowire photosensor were positioned in the vac-

uum tube shown in Fig. 1. The target for PLD was sintered

by mixing CdS and CdSe according to the composition of

alloy nanowires. In this work, the properties of the alloy

nanowires were controlled by varying the distance from the

target and photosensor electrodes, and the zones for synthe-

sis were set to be zone 1, zone 2, zone 3, and zone 4 accord-

ing to the distance from the target of 9, 10, 11, and 12 cm,

respectively. At each zone, eight electrodes were located for

the in-situ synthesis of alloy nanowires at the same time.

For the fabrication of photosensor, the interdigitated elec-

trode was made of Au thin film with a thickness of 100 nm,

which composed of 75 pairs of finger electrodes with a dis-

tance of 5 µm between the electrodes. 

The morphology of the synthesized CdSxSe1-x ternary alloy

nanowires was analyzed by SEM. As shown in Fig. 2, three

kinds of CdSxSe1-x ternary alloy nanowires (x = 0, 0.5, 1.0)

were synthesized on the finger electrodes by in-situ synthe-

sis method. From the morphological analysis, the three

kinds of CdSxSe1-x ternary alloy nanowires were observed to

Fig. 3. EDS analysis of in-situ synthesized CdSxSe1-x ternary alloy nanowires.



May  2019 Characterization of in-situ Synthesized CdSxSe1-x Ternary Alloy Nanowire Photosensor 311

have more nanowire-type structures than belt-type struc-

tures according to the increase of distance from the sintered

target in the synthesis tube. For CdS, nanowire composition

was observed to be dominant for zone 2, zone 3, and zone 4.

In the case of CdS0.5Se0.5, zone 3 and zone 4 showed a domi-

nant composition of nanowires in comparison with other

nanostructures. In the case of CdSe deposition, nearly no

nanowire-type nanostructure was observed and the elec-

trode was observed to be covered by crystal and thin film

structures. EDX analysis of the three kinds of CdSxSe1-x ter-

nary alloy nanowires (x = 0, 0.5, 1.0) showed that each alloy

nanowire was composed of the source materials of each sin-

tered target, as shown in Fig. 3. The three kinds of CdSxSe1-

x ternary alloy nanowires (x = 0, 0.5, 1.0) were calculated to

have the weight composition of Cd : S = 47.4 : 12.8 for CdS,
Fig. 4. XRD analysis of in-situ synthesized CdSxSe1-x ter-

nary alloy nanowires.

Fig. 5. Photoresponse analysis of in-situ synthesized CdSxSe1-x ternary alloy nanowires. I-V curves for photosensors of (a) CdS
nanowires, (b) CdS0.5Se0.5 nanowires, and (c) CdSe nanowires. 
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Cd : S : Se = 25.6 : 2.1 : 8.9 for CdS0.5Se0.5, and Cd : Se = 41.9

: 21.2 for CdSe. The molar compositions for the alloy nanow-

ires were calculated to be Cd : S = 0.42 : 0.40 for CdS, Cd : S

: Se = 0.23 : 0.07 : 0.11 for CdS0.5Se0.5, and Cd : Se = 0.37 :

0.27 for CdSe. XRD analysis of the three kinds of CdSxSe1-x

ternary alloy nanowires (x = 0, 0.5, 1.0) showed that each

alloy nanowire was synthesized according to the composi-

tion of the source materials, as shown in Fig. 4. As previ-

ously reported,15,16) the XRD pattern confirmed the crystal-

linity of CdSxSe1−x nanowires. The single hexagonal phase

was confirmed and there were no other kinds of second

phases in the whole range of the composition. XRD analysis

indicated that the solid-synthesized CdSxSe1−x nanowires

are a solid solution. Shift in the peak position corresponding

to the hexagonal phase toward a higher angle with increas-

ing x content was also observed because the unit cell volume

linearly decreased with increasing sulfur concentration.

These results indicated that the in-situ synthesized CdSxSe1−x

nanowires had good single crystallinity compared with the

bulk and thin films reported in earlier studies.22-24)

3.2. Optical properties of CdSxSe1-x ternary alloy

nanowire photosensors

The nanowire photosensor was prepared by in-situ syn-

thesis of three kinds of CdSxSe1-x ternary alloy nanowires on

interdigitated electrode. The properties of the nanowire

photosensors were characterized in terms of responses to

the intensity and the wavelength of incident light according

to the synthesis zones. Such properties were reported to be

related to the contact between nanostructure and electrode

surface and the electronic features of nanostructures, such

as bandgaps. 

As the first step, the properties of nanowire photosensors

were characterized in terms of responses to the intensity of

incident light according to the synthesis zones. As shown in

Fig. 5, the photocurrent was measured when the input

Fig. 6. Photoresponse analysis of in-situ synthesized CdSxSe1-x

ternary alloy nanowires according to the wavelength
of incident light for CdS, CdS0.5Se0.5 and CdSe nanow-
ires. 

Fig. 7. Photoresponse of in-situ synthesized CdS nanowires according to the wavelength of incident light at (a) synthesis zone 1,
(b) synthesis zone 2, (c) synthesis zone 3, and (d) synthesis zone 4. 
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potential was applied in the range of +1.0 V to 1.0 V. The

intensity of incident light was controlled to be 28.07 (μW/

cm2) at the wavelength of 502 nm. The I-V response of each

photosensor was measured by alternate turn-on and turn-

off of the incident light. The measurement was carried out

for photosensors based on three kinds of CdSxSe1-x ternary

alloy nanowires according to the synthesis zones. For the

photosensors of CdS nanowires, the changes in photocur-

rent, that is relative photoresponse, between turn-on and

turn-off condition were estimated to be 4000, 4300, 11000,

and 80 folds for zone 1, zone 2, zone 3, and zone 4, respec-

tively. These results showed that the photosensors from

zone 3 have the highest relative photoresponse under turn-

on and turn-off conditions. In the case of the photosensors of

CdS0.5Se0.5 nanowires, the changes in photocurrent between

turn-on and turn-off condition were estimated to be 13, 127,

and 98 folds from zone 2, zone 3, and zone 4, respectively.

These results showed that the photosensors from zone 3

have the highest relative photoresponse under turn-on and

turn-off conditions. In the case of the photosensors of CdSe

nanowires, the changes in photocurrent between turn-on

and turn-off condition were estimated to be 3.7, and 73, 30

folds from zone 1, zone 2, and zone 3, respectively. These

results showed that the photosensors from zone 2 have the

highest relative photoresponse under turn-on and turn-off

conditions. For the nanowires including CdS, the photore-

sponse at turn-on and turn-off conditions was observed to be

higher as the composition of nanowires was increased.

Therefore, the photoresponse at turn-on and turn-off condi-

tion were determined according to the alloy composition of

CdSxSe1-x nanowires as well as the type of nanostructures

according to the synthesis zones. 

As the next step, the properties of nanowire photosensors

were characterized in terms of responses to the wavelength

of incident light according to the synthesis zones. As shown

in Fig. 6, the photoresponse of three kinds of CdSxSe1-x ter-

nary alloy nanowires (x = 0, 0.5, 1.0) according to the wave-

length of incident light was estimated. The wavelength of

incident light was controlled in the range of 300 nm to 800

nm and the photocurrent change was measured continu-

Fig. 8. Photoresponse of in-situ synthesized CdS0.5Se0.5 nanowires according to the wavelength of incident light at (a) synthesis
zone 2, (b) synthesis zone 3, and (c) synthesis zone 4. 
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ously. The photoresponse was obtained for the photosensors

of three kinds of CdSxSe1-x ternary alloy nanowires (x = 0,

0.5, 1.0), which were prepared at synthesis zone 2. The pho-

toresponse showed that the three kinds of photosensors had

a cut-off wavelength at which the photocurrent was reduced

to the baseline level. For the photosensors of the three kinds

of alloy nanowires of CdS, CdS0.5Se0.5, and CdSe, the cut-off

wavelength was estimated to be 510 nm (2.43 eV), 620 nm

(1.99 eV), and 710 nm (1.74 eV), respectively. Below the cut-

off wavelength, the photoresponse was nearly at the satu-

rated level. As reported in previous studies, the band gap of

CdSxSe1−x films becomes larger with increasing x, varying

from 1.74 eV (CdSe) to 2.45 eV (CdS), corresponding to the

highest intensity of the samples, which matches well with

our results.25-28) Thus, the photoresponse of the three kinds

of alloy nanowires of CdS, CdS0.5Se0.5, and CdSe is shown to

be determined by the bandgap of nanowires, which could be

engineered by controlling the mixing ratio of the source

materials of the sintered target.15,16)

The I-V curves for the photosensors of CdSxSe1-x ternary

alloy nanowires (x = 0, 0.5, 1.0) at different synthesis zones

were estimated with the intensity of incident light in the

range of 7.9–33.4 (μW/cm2) for the wavelength of 415 nm,

28.07–138.7 (μW/cm2) for the wavelength of 502 nm and

8.8–66.4 (μW/cm2) for the wavelength of 620 nm. As shown

in Fig. 7(a), the photosensor of CdS nanowires was observed

to have significantly higher photoresponse at the wave-

length of 415 and 502 nm in comparison with that at 620

nm. Such response was also observed for the CdS photosen-

sor from synthesis zone 1, zone 2, and zone 3, as shown in

Fig. 7(a)(c). In the case of zone 4, the absolute value of pho-

toresponse was far lower than those from the other synthe-

sis zones, as shown in Fig. 7(d). As shown in Fig. 8(a)(c),

the photosensor of CdS0.5Se0.5 nanowires was observed to

have significantly higher photoresponse for synthesis zone 3

at the wavelength of 415 and 502 nm in comparison with

the photosensors from synthesis zone 2 and zone 4. The pho-

toresponse of synthesis zone 3 was estimated to be in the

micro-ampere range, which was far higher than the nano-

ampere range photoresponse for the other synthesis zones.

The photosensor of CdS0.5Se0.5 nanowires was observed to

have significantly higher photoresponse at the wavelength

Fig. 9. Photoresponse of in-situ synthesized CdSe nanowires according to the wavelength of incident light at (a) synthesis zone 1,
(b) synthesis zone 2, and (c) synthesis zone 3. 



May  2019 Characterization of in-situ Synthesized CdSxSe1-x Ternary Alloy Nanowire Photosensor 315

of 415 and 502 nm in comparison with that at 620 nm. As

shown in Fig. 9(a)(c), the photosensor of CdSe nanowires

was observed to have significantly higher photoresponse for

synthesis zone 2 at the wavelength of 415 and 502 nm in

comparison with the photosensors from synthesis zone 1

and zone 3. The photoresponse of synthesis zone 2 was esti-

mated to be in the micro-ampere range, which was far

higher than the nano-ampere range photoresponse for the

other synthesis zones. The photosensor of CdSe nanowires

was observed to have significantly higher photoresponse at

the wavelength of 415 and 502 nm in comparison with that

at 620 nm. These results showed that the photoresponse of

the in-situ photosensor was determined by the alloy materi-

als and the synthesis zones. In other words, photosensors

with a specific photoresponse for the intensity and wave-

length of the incident light could be selected by controlling

the synthesis zones. 

4. Conclusions

In-situ synthesis of CdSxSe1-x ternary alloy nanowires was

carried out using PLD. From the morphological analysis by

SEM, three kinds of CdSxSe1-x ternary alloy nanowires were

observed to have more nanowire-type structures than belt-

type structures according to the increase of distance from

the sintered target in the synthesis tube. EDX analysis of

the three kinds of CdSxSe1-x ternary alloy nanowires (x = 0,

0.5, 1.0) showed that each alloy nanowire was composed of

source materials of each sintered target. The XRD pattern

confirmed the crystallinity of CdSxSe1−x nanowires. Exis-

tence of the single hexagonal phase was confirmed and

there were no other kinds of second phases in the whole

range of the composition. The properties of nanowire photo-

sensors were characterized in terms of responses to the

intensity and the wavelength of incident light according to

the synthesis zones. Such properties were reported to be

related to the contact between nanostructure and electrode

surface and the electronic features of nanostructures, such

as bandgaps. From I-V analysis of the photosensors of

CdSxSe1-x ternary alloy nanowires (x = 0, 0.5, 1.0) at differ-

ent synthesis zones, it was observed that the photoresponse

of in-situ photosensors was determined by the alloy materi-

als and the synthesis zones. In other words, photosensors

with a specific photoresponse for the intensity and wave-

length of the incident light could be selected by controlling

the synthesis zones.

Acknowledgments

This work was supported by the Nano-Convergence Foun-

dation [grant number: R201602210] funded by the Ministry

of Science, ICT and Future Planning (MSIP, Korea) and

Ministry of Trade, Industry and Energy (MOTIE, Korea)

and the National Research Foundation of Korea [grant

numbers: NRF-2017R1A2B4004077].

REFERENCES

1. T. Blank and Y. A. Gol’dberg, “Semiconductor Photoelec-

tric Converters for the Ultraviolet Region of the Spec-

trum,” Semiconductors, 37 [9] 999–1030 (2003).

2. J. Jie, W. Zhang, Y. Jiang, X. Meng, Y. Li, and S. Lee,

“Photoconductive Characteristics of Single-Crystal CdS

Nanoribbons,” Nano Lett., 6 [9] 1887–92 (2006).

3. T. B. Hoang, L. Titova, H. Jackson, L. Smith, J. Yarrison-

Rice, and J. Lensch, “Temperature Dependent Photolumi-

nescence of Single CdS Nanowires,” Appl. Phys. Lett., 89

[12] 123123 (2006).

4. Q. Li, T. Gao, and T. Wang, “Optoelectronic Characteris-

tics of Single CdS Nanobelts,” Appl. Phys. Lett., 86 [19]

193109 (2005).

5. T. Gao, Q. Li, and T. Wang, “CdS Nanobelts as Photocon-

ductors,” Appl. Phys. Lett., 86 [17] 173105 (2005).

6. R. Ma, X. Wei, L. Dai, H. Huo, and G. Qin, “Synthesis of

CdS Nanowire Networks and Their Optical and Electrical

Properties,” Nanotechnology, 18 [20] 205605 (2007).

7. G. Shen, J. H. Cho, J. K. Yoo, G.-C. Yi, and C. J. Lee,

“Synthesis of Single-Crystal CdS Microbelts Using a Mod-

ified Thermal Evaporation Method and Their Photolumi-

nescence,” J. Phys. Chem. B, 109 [19] 9294–98 (2005).

8. Y. Gu, J. Romankiewicz, J. David, J. Lensch, L. Lauhon,

and E.-S. Kwak, “Local Photocurrent Mapping as a Probe

of Contact Effects and Charge Carrier Transport in Semi-

conductor Nanowire Devices,” J. Vac. Sci. Technol., B:

Microelectron. Nanometer Struct.-Process., Meas., Phe-

nom., 24 [4] 2172–77 (2006).

9. Y. Gu, J. P. Romankiewicz, J. K. David, J. L. Lensch, and

L. J. Lauhon, “Quantitative Measurement of the Electron

and Hole Mobility-Lifetime Products in Semiconductor

Nanowires,” Nano Lett., 6 [5] 948–52 (2006).

10. T.-Y. Wei, C.-T. Huang, B. J. Hansen, Y.-F. Lin, L.-J. Chen,

and S.-Y. Lu, “Large Enhancement in Photon Detection

Sensitivity via Schottky-Gated CdS Nanowire Nanosen-

sors,” Appl. Phys. Lett., 96 [1] 013508 (2010).

11. J. Zhou, Y. Gu, Y. Hu, W. Mai, P.-H. Yeh, and G. Bao,

“Gigantic Enhancement in Response and Reset Time of

ZnO UV Nanosensor by Utilizing Schottky Contact and

Surface Functionalization,” Appl. Phys. Lett., 94 [19] 191103

(2009).

12. P. H. Yeh, Z. Li, and Z. L. Wang, “Schottky-Gated Probe-

Free ZnO Nanowire Biosensor,” Adv. Mater., 21 [48] 4975–

78 (2009).

13. T.-Y. Wei, P.-H. Yeh, S.-Y. Lu, and Z. L. Wang, “Gigantic

Enhancement in Sensitivity Using Schottky Contacted

Nanowire Nanosensor,” J. Am. Chem. Soc., 131 [48] 17690–

95 (2009).

14. J. Hu, R. Chen, C. Zhu, B. Ge, X. Zhu, L. Mi, J. Ma, C.

Han, H. Chen, and Y. Fei, “Label-free Microarraybased

Binding Affinity Constant Measurement with Modified

Fluidic Arrangement,” BioChip J., 12 [1] 11–7 (2018).

15. Y.-J. Choi, I.-S. Hwang, J.-H. Park, S. Nahm, and J.-G.

Park, “Band Gap Modulation in CdSxSe1−x Nanowires

Synthesized by a Pulsed Laser Ablation with the Au Cata-

lyst,” Nanotechnology, 17 [15] 3775 (2006).

16. Y.-J. Choi, K.-S. Park, and J.-G. Park, “Network-Bridge



316 Journal of the Korean Ceramic Society - Hong-Rae Kim et al. Vol. 56, No. 3

Structure of CdSxSe1−x Nanowire-based Optical Sensors,”

Nanotechnology, 21 [50] 505605 (2010).

17. B.-G. An, Y. W. Chang, H.-R. Kim, G. Lee, M.-J. Kang, J.-

K. Park, and J.-C. Pyun, “Highly Sensitive Photosensor

Based on in situ Synthesized CdS Nanowires,” Sens. Actu-

ators, B, 221 884–90 (2015).

18. B.-G. An, H.-R. Kim, M.-J. Kang, J.-G. Park, Y. W. Chang,

and J.-C. Pyun, “Chemiluminescent Lateral-Flow Immu-

noassays by Using In-situ Synthesis of CdS NW Photo-

sensor,” Anal. Chim. Acta, 927 99–106 (2016).

19. H.-R. Kim, J.-H. Im, B.-G. An, Y. W. Chang, M.-J. Kang,

J.-G. Park, and J.-C. Pyun, “Reproducibility Control in

Photosensitivity of In-situ Synthesised Cadmium Sul-

phide Nanowire Photosensors,” Int. J. Nanotechnol., 15

[6/7] 505–17 (2018).

20. H.-W. Jung, Y. W. Chang, G.-y. Lee, S. Cho, M.-J. Kang,

and J.-C. Pyun, “A Capacitive Biosensor Based on an

Interdigitated Electrode with Nanoislands,” Anal. Chim.

Acta, 844 27–34 (2014).

21. G.-Y. Lee, Y.-H. Choi, H.-W. Chung, H. Ko, S. Cho, and J.-

C. Pyun, “Capacitive Immunoaffinity Biosensor Based on

Vertically Paired Ring-Electrodes,” Biosens. Bioelectron.,

40 [1] 227–32 (2013).

22. D. Bagnall, B. Ullrich, X. Qiu, Y. Segawa, and H. Sakai,

“Microcavity Lasing of Optically Excited Cadmium Sul-

fide Thin Films at Room Temperature,” Opt. Lett., 24 [18]

1278–80 (1999).

23. G. Perna, S. Pagliara, V. Capozzi, M. Ambrico, and T.

Ligonzo, “Optical Characterization of CdSxSe1−x Films Grown

on Quartz Substrate by Pulsed Laser Ablation Tech-

nique,” Thin Solid Films, 349 [1–2] 220–24 (1999).

24. G. Perna, S. Pagliara, V. Capozzi, M. Ambrico, and M.

Pallara, “Excitonic Luminescence of CdSxSe1−x Films Depos-

ited by Laser Ablation on Si Substrate,” Solid State Com-

mun., 114 [3] 161–66 (2000).

25. G. Mei, “A Photoluminescence Study of CdSxSe1-x Semi-

conductor Quantum Dots,” J. Phys.: Condens. Matter, 4

[36] 7521 (1992).

26. V. Kumar and T. Sharma, “Structural and Optical Prop-

erties of Sintered CdSxSe1−x Films,” J. Phys. Chem. Solids,

59 [8] 1321–25 (1998).

27. Y.-J. Hsu and S.-Y. Lu, “Photoluminescence Resulting

from Semiconductor Metal Solid Solution Observed in

One-Dimensional Semiconductor Nanostructures,” Lang-

muir, 20 [1] 23–6 (2004).

28. B.-H. Kang, M. Park, and K.-H. Jeong, “Colorimetric

Schirmer Strip for Tear Glucose Detection,” BioChip J.,

11 [4] 294–99 (2017).


