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Chapter I. Tunable multiple bit encodings based on

rugate psi as a barcode application

Kim, Sungjin

Advisor : Prof. Sohn, Honglae, Ph.D,
Prof. Cho, Sung-Dong, Ph.D.

Department of Chemistry,

Graduate School of Chosun University

Abstract

Rugate structure result in a mirror with high reflectivity in a specific
narrow spectral region and are prepared by applying a computer-generated
pseudo-sinusoidal current waveform. Strategies to encode multiple rugate
structures have been investigated. Multiple rugate structures can be etched
on a silicon wafer and placed in the same physical location, showing that
many sharp spectral lines can be obtained in the optical reflectivity
spectrum. Etching is carried out in a Teflon cell by using a two-electrode
configuration with a Pt mesh counter electrode. They exhibit sharp
photonic band gaps in the optical reflectivity spectrum. This reflectivity
can be tuned to appear anywhere in the visible to near—infrared spectral
range, depending on the programmed etch waveform. The structure of
rugate PSi  was investigated by field emission scanning electron
micrograph (FESEM). Possible applications of multiple bit encoding rugate
PSi such as multiplexed assays and chemical sensors will be presented.
Multiple bit encoding of rugate PSi could be an excellent candidate for

optical bar code applications such as multiplexed assays.
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olffgt Yx b= wrEAe] 1A I =ZE, single molecule transistor,
bio-chip, waveguide, display & & #oFollA &&= Ut ol Hg =
PAE o] &3 Y= 3hete] g WMFEH, vEA A wlelawm ] Az
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II. Experimental Section
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Scheme 1. Various of Sine wave
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Yj:Aj[lJfSil’l(fi*t*Bi)]JﬁAiymin

=), t& AZE Bi sine 33 9] AlZF WS,
grolth. ol A 3 ZHzte] AL vF AFE s v

R84 —
A dste FdS Aoty wie BH R Aok YAl peake] EFES
Lol GEEd AR HET. g3 v Ho R Yizke galE AFEvE ige
2 Uy FofoF gt}
gk 9 7bA] of|l& 5o ol Table 19 A A A<l

Yi A; A center fi
11.55 63.05 0.24
11.55 63.05 0.28
3 11.55 63.05 0.32

Table 1. Various Sine Wave Composite; Y; : sine wave, A; . amplitude,

Ajcenter - center amplitude of the sine component, fi : the number of

vibrations(Hz)

Zo] AZEcta gt ®Bxap o]y thE A
LSl e IS i P ) R R i o R B d

Y1 = (3*%11.55)*sin(0.24*pi*t);

Y2 = (3%11.55)*sin(0.28*pi*t);

Y3 = (3%11.55)*sin(0.32*pi*t);
value = (Y; + Y; + Y)/3 + 63.05;
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) e
Pt cathode HF : EtOH solution

Scheme 2. Schematic diagram for porous silicon.
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4. A4 AHLE ZAA
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M. Results and Discussion
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7S 10mA, 20mA, 30mA, 40mA & TtFEA Fo] Az}t

Reflectivity (A.U.)

400 450 500 550 600 650 700
Wavelength (nm)

Fig. 1. Reflectivity Spectra of Rugate Porous Silicon Produced by
Using Various Amplitude
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= 560, 552, 544, 536nm oA AFZgE FEje] wAl~H Ejlo] ypepdth 7}
»~HEHo FWHM 32 12, 18, 24, 30nm it}

Table 2 & oA 4L WA ggs FWHM#S J1ZS 7oz AHEd
Zojtt.

Amplitude (nA) FWHM (nm) Wavelength (nm) Intensity
10mA 12nm 560nm 2769
20mA 18nm 552nm 3201
30mA 24nm 544nm 3622
40mA 30nm 536nm 3950

Table 2. Reflection Wavelength and It's FWHM at Various Amplitudes
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T T T T
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B o545 E
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Fig. 2. Plot for the Relationship Between Reflectivity and FWHM at

Various Amplitudes
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Fig. 3. Computer calculated Composite wave form

_13_



A el ARRITEe)] ~HEY S JHA = v Rugate thaA AEES Y,
Y, Y3, Ys Y58 GHA ZPAE wrEAT 2wé] 2712 Ajcenters 63.05mA
F A7 AIZFE 2000sec, X F G A, Ap, Ay, A Ul 7ol ~HEHS
23.1mA= AT Ay #9HS 23.1mA<S 71E ghel A Z+zr 5/5, 4/5, 3/5,
2/5, 1/5 °] H= @<= AolFol tal Jie 2HAER T Al WA 2HER

A& grell Msts & vwol vad 2e barcodes A2 st

AZ
a1 A2 Ad g
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—+— 18.48mA(4/5)
//’JUUU\JL..\.\ o
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Wavelength (nm)

Fig. 4. Both the wavelength and the amplitude of the spectral peaks are

controllable.
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2 9 sgivh
obelel Table 3 % Fig. 5 & ARel we 25y A/E deoles & 2
o]t

Y5 Y4 Y3 Y2 Yl
Amplitude 4.62 9.24 13.86 18.48 23.1
Intensity 1310 1853 2400 2949 3502

Table 3. Relationship between amplitude and intensity
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0 5 10 15 20 25
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Fig. 5. Reflection intensity and various amplitudes
91¢] Table 39} Fig 594 &2l 3 o Slxo] 59 thaAd AHgZ 9ol
oA 7t7te] ~dMEY W A% ge 24T

kel Z717F F7bgkel wel WAl A E- o] A7) ghol wHldElste] A A A

Frkshe AL SAsar
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IV. Conclusion
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Chapter 2. Sensing application of smart particles

containing encoded porous silicon

Kim, Sungjin
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Abstract

Photonic crystals containing multiple rugate porous silicon (PSi) were
prepared by applying a composite waveform  summed three
computer-generated pseudo-sinusoidal current waveforms. They displayed
three sharp photonic band gaps in the optical reflectivity spectrum. Three
types of rugate PSi (H-, HO-, and R-terminated rugate PSi) were used
in this study. Free-standing rugate PSi films were obtained from the
silicon substrate by applying an electropolishing current and were then
made into particles by ultrasono-method in an ethanol solution. The
sensing experiments using these particles for organic solvents such as
methanol and hexane were achieved. Condensing of organic vapors in the
pores increased the refractive indices of entire particle and resulted in a
red shift in the photonic peaks. The specificity of adsorption or capillary
condensation at the surfaces of smart particles depended dramatically on

the surface chemistry.
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I . Introduction
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II. Experimental Section

1. %59 Rugate O34 A9 A3}

p-typed] gl ¢ o9 (B dopped, <100>, 0.871.2mQ ", Siltronix, Inc)

Matlab< ©]-&3sto] th&3 22 2319 ARQIgE Azsth. AlH = 63.05mA,
AZEL 3465mA, B+ 028Hz, 0.30Hz, 0.32Hz, & 217} A17FE 2000sec
2 7}z sdste 2 9he g3 AS Al ofgf e Scheme 1 &

Matlabs AF-8-3to] A #gk &4 Sinedle] o]w]X] o]t}

[

0.30Hz
I
0.32Hz
0 20 40 6 80 100
Etching Time (sec)
(A)
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=)
8
@
T 6
=
=
=
-«
30
0 20 40 60 80 100
Etching Time (sec)
(B)

Scheme 1. Sine wave using the Matlab (A; single sine wave B; composite

sine wave)

_21_



AAARQD WHE 34 9o 25 BE Fuye AH F HA 357t
A st A webA gk " g vk ol & A= AlRE Al o E
at7] BubeE XEgol osiA Aol R gy s Fue A= A
s oY HTHor 99 3hs YA o] &3 Electric Sweeper 2
3ol Qi ko] Keithly 2420 FnlE s A2tk th59] Sinedtd o] 47

o

5 E95H A7) sebA AZ4E s HW ts ] Rugate ©hEA AEES
FAE F vk A7l AT & &9 (48% by weight: ACS
reagent, Aldrich Chemicals)? <3 of&& (ACS reagent, Aldrich
Chemicals)= &3 §Ho=zH HF : &S 31 19 Fyn|= &8l
. A7)sketd Azke Fe] A5 AREste] Teflon cell SHellA 43 &}
Ak FFomE MFAS RSt e SF50Rs dFvlE foils AES
ATh Azt AbgE A ol 1A o|EdS AASH 9 EtOH
2 2733 A& F Ny gas® AxAA FHlE A FHlE e SoHE

Teflon cell®l 17‘3/\17&@. agla 9] Aot 2ol oW AZE FQF F4
o]

-

N

T

S A2 S E4HHF)9 &2 (EtOH) 2] F7|¢te] vrov g gko] W3y}
e F Uem g2 2o AAjgtool . ol Ao = Al T
o] 459 Rugate thdA A2l o] E A&t A HAE dnbg9l
Rugate Bt A& el ol F WA= 4F3kA2] Rugate thsd A

= do]Holar Al HA= &3} A7l Rugate ThaA A& oot}

2. ¥9< F =413 A7 Rugate 34 AEZ AF

OHZ A &H o4 AgE A4FS A74d o34 AgE deds
Furnace (Thermolyne F6270-26 furnace equipped with controller)ol] % o]A]
dz2 AkstAlH o) Abs 271 300C = 3AI17F 5ot AFstAl A Abste A
Z o= ALoA AR

Re A%d vad ded 422 2749 vad 22 dol¥E 50mLe
schlenk flask ¢Foll 2& % argon o2 X 39 flask o] 20mlLe
1-decene & @il 6AIZF &< $HF A7]H X&) HAh LR A SHE vy

¢

_22_



A A2 9ol = ethanol, acetone, dichloromethane &% oJg W A # 3}
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Scheme 2. Fabrication of smart particles
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M. Results and Discussions
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Fig. 1. SEM images of rugate porus silicon: (A) surface and (B) cross—section
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Fig. 2. Optical microscope (A) and SEM (B) images of smart particles
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Oxidation \S
O—Si-OH
3000 P

si HF(aq) \ ‘H OH-terminated PSi
EtOH
Si substrate H-terminated PSi Hydrosilylation

a7

2
R-terminated PSi

Scheme 3. Chemical modification of the surface of smart particles

Fig. 3. SEM images of smart particles: (A) H-terminated smart particles, (B)

HO-terminated smart particles, (C) decyl-terminated smart particles
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Fig. 4. FT-IR spectra of smart particles: (A) H-terminated smart particles, (B)

HO-terminated smart particles, (C) decyl-terminated smart particles
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400 500 600 700 800 900
Wavelength (nm)

Fig. 5. Change of optical reflectivity spectra after the oxidation of smart particles

(top), and the alkylation of smart particles (bottom)
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Bl 2o Wl 7] =9 F717F FRHE=A A e L] f1siA
spectrometer®] fiber opticsE AVIE HAEE Ss|A A3t A|AA SH 3
. 2vtE 9E S8 TEsed T71EC] AAAEA duFor HAE VE

of W7t F7F Al Hrh oA & FHEY TR Q% WA~ E - o]

ool

wstshe fdle] ®rh B Aol s xHe] Eet 72 stgEike] FY)st
o] BAE A7) 9l Table 1 olA2 A2 & F71¢4S 713l 35
=3 N E SIS TR Sehe ke AAE vad ddE APl

Substrate Vapor Pressure(20C) Polarity
Acetone 184.54 mmHg 2.88
Hexane 121.26 mmHg 0
Methanol 97.48 mmHg 1.70

Table 1. Vapor pressure of VOCs and different polarity.
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Fig. 6. Change of optical reflectivity spectra under the exposure of organic vapors:
(A) H-terminated smart particles, (B) HO-terminated smart particles, (C)

decyl-terminated smart particles
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Surface state  Organic vapors  Peakl(nm) Peak2(nm) Peak3(nm)

Methanol 17 19 21

H-terminated
Hexane 21 24 27
Methanol 19 22 25

HO-terminated

Hexane 16 18 20
Methanol 11 13 15

R-terminated
Hexane 29 32 35

Table 2. Red-shift of reflection maxima for three smart particles under

the exposure of organic vapors

3 hydrophobic?dt 7] &"]¢l hexane©] (ca. 29, 32, 35 nm, 97mmHg)
7H4 @o] o] F53R L methanol £l (ca. 11, 13, 15nm, 97mmHg) = T17+
ShAl WhE-ekA] Hekdvh. Wk AbEAIZ] ~wE 3Bl S oA = hydrophobic
gt 2~ntE StE|Eo] Ayt vl AdE Yetdidth o] AR 8 t
A AEE 28s FEAS stds W FEAS @ Ed9 fr1Eme A4

of WS BAZ B B B
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IV. Conclusion
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Chapter 3. Fabrication of optically encoded images

on porous silicon
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Abstract

The development of new technology, which can achieve at nanometer scale,
to build a device is of great interest, because it is too complex to fabricate
by using conventional lithographic method. Multi-structured porous silicon
(PSi) is very attractive material because of its optical signal transduction
capability. The unique optical properties of PSi have been investigated for a
variety of chemical and biological sensing applications. The chemical
modification of PSi exhibits the modification of its physical, chemical, and
electronic properties. Optical images on the porous silicon exhibiting
Febry-Pérot fringe pattern have been prepared by using an electrochemical
etching of p-type silicon wafer (boron—-doped, <100> orientation, resistivity
0.871.2 mQ-cm), n-type silicon (phosphorous—doped, <100> orientation,
resistivity 1-10 @-cm) and beam projector. The images remained in the
substrate displayed an optical images correlating to the optical pattern and
could be useful for optical data storage. A decrease in the effective optical
thickness of the Febry-Pérot layers was observed, indicative of a change
in refractive index induced by exposing of porous silicon to the white
light. This provides the ability to fabricate complex optical encoding in the

surface of silicon.
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II. Experimental Section

1. FgtoluA & o|-&% &F PSi9 A=

p-typed] A& o] (B dopped, <100>, 0.871.2mQ ", Siltronix, Inc)°l
source meter (Keithley 2420)& o|&3dto] AAFE S50 7] 3484 2
Zhg oA HWH v AEEs 8T & vk AZbel AREgE &vi= HF
g (48% by weight: ACS reagent, Aldrich Chemicals)®} <=3+ of &b-&
(ACS reagent, Aldrich Chemicals)S &&3F £do24 HF : &S 3
19 Fujv = F8lek3ith
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Scheme 1. Schematic diagram for generating a images on porous silicon.
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Bst&xA A E ZU|H (Ocean Optics USB 2000)

p ~type A Z dolFHE A7ISEAQ FAS A2l F dHo| P
HIALE- S =A 87| 9ste] bde3 28 7| AS AFE3 Y. Ocean Optics AF
2] USB 2000(Detector range : 380 ~ 1040nm)3} 4000(Detector range : 400
~ 1600nm) F+ 7FA FFolth. USB 20009 749+ AAHo=m 7HAFd 9
ool (400nm ~ 800nm)7FA =A7}%53Fal, USB 40009 79+ AAZ o=
500nm ~ 1500nm 7}#] 7} 3kt
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M. Results and Discussions
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Fig. 4. Fourier transform of the reflectivity spectra from a porous silicon
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Fig. 5. Change of EOT maxima depending on the light intensity.
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Chapter 4. Fabrication of CdSe nanocrystals

Kim, Sungjin

Advisor : Prof. Sohn, Honglae, Ph.D,
Prof. Cho, Sung-Dong, Ph.D.

Department of Chemistry,

Graduate School of Chosun University
Abstract

New 1issues arise as to surface characterization, quantification and
interface formation. Surface and interface control of CdSe nanocrystal
systems, one of the most studied and useful nanostructures.

Semiconductor quantum dots (QDs) have been the subject of much
interest for both fundamental reseach and technical applications in recent
years, due mainly to their strong size dependent properties and excellent
chemical processibility. In this dissertation, the synthesis of CdSe quantum
dots were synthesized by pyrolysis of high-temperature organometallic
reagents. In order to modify the size and quality of quantum dots, we
controlled the growth temperature and the relative amount of precursors to
be injected into the coordinating solvent. Moreover, an effective surface
passivation of monodisperse nanocrystals was achieved by overcoating
them with a higher-band-gap material. Synthesized CdSe quantum dots
were studied to evaluate the optical, electronic and structural properties

using UV-absorption, and photoluminescence measurement.
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I . Introduction
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II. Experimental Section

1.Materials

Cadmium oxide (99.99%), selenium (99.5%, 100 mesh), trioctylphosphine
oxide(TOPO, 90%), tributylphosphine (TBP, 97%), 1-octadecene (ODE),
octadecylamine (ODA, 97%), Stearic acid (99%)+= Aldrich® A|¥S

Rtk EE 718l sFATE A Fdstde 2 AEE v

g2 F A9 glol wE Agaa.

2.CdSenanocrystal®] &4

9 Hol A5 W3S HolE CdSe nanosrystalS Be A3 dAs
o] glAt}. o] A3FE Schlenk line techiquesS AF&3&om o= 7p~
sloll A gHA & th. Scheme. 1 CdSe nanocrystal &4 A4S =233 A

ODE
Cadmium oxide + Stearic acid Cd
AN 200
sl
AR
Py Y00 2 P
PN O OO///PPJH‘
ODE  “wepa) e o
Cd  +0DA+TOPO ————wer—gl 0 3P
p% 3 0 =P
,280 °C ‘N"'pifoo OO:PW\,‘
e IS
b TN
g g\%;zf}t
it
“szlb RS ;5;
iy p\\\o 000 E‘)f 1 ysj-
W P o’/ pJﬁ
Mpplﬁo Og’jpfj\,\ .
Wp;tjo cd %;F‘J‘N\ ODE
=0 d o=p.nn +Se/ TBP
«N"pio §=Puana A 250 °C
o p//OO OOQFFV\M
H";S P///?[E/JDU\O\\O\\':P i,
;Sgéspg‘ %\E?;LLL,LH;LLL

Scheme. 1. Synthesis of CdSe nanocrystal
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CdSe nanocrystale #A4sE #4202 mmol ¢ CdO¢ 0.8 mmol ¢
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M. Results and Discussions
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