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ABSTRACT

Encodings of Multiple Photonic Bands in Porous Silicon

Park Jongsun
Advisor : Prof. Sohn Hong-lae Ph.D.
Department of Chemistry,

Graduate School of Chosun University

Photonic crystals containing 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. The method used to generate
multiple rugate structures containing all the encoding information displays
five rugate peaks corresponding to the each of the sine components varied
from 0.16 to 0.24 Hz, with a spacing of 0.02 Hz between each sine
component. The complete deletion of a peak has been achieved and

demonstrates the capacity of this method to create binary codes.

The development of a new technology to build one-dimensional photonic
structure is of great interest because it is too complex to fabricate by

using conventional |ithographic method and could be useful for a variety of
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applications such as chemical and biological sensors or medical
diagnostics. Since the discovery of porous silicon from silicon wafer,
research has been associated with emerging technologies, such as photonic
crystals for optical band pass filters and micro chemical reaction
applications in micro chemical reactors and micro fuel cells. Their
importance is due to their very high surface area for reactions, their
unique photonic properties and process compatibility to semiconductor
technology. This high surface area material has been shown to be useful in
a variety of analytical applications; in MEMS (micro electro mechanical
systems), as a matrix for MALDI (matrix assisted laser desorption
ionization) mass spectroscopy and especially in chemical and biological

Sensors.

Multiplexed assays are one of the powerful tools to study genomes, to
identify candidate drugs, and in a variety of other applications in which a
large number of parallel experiments should be performed in a short period
of time. Recently, beads or particles containing many independent codes by
using quantum dots, fluorescent molecules, and metal rods have been used
for these applications. Here we report a method of preparing
one—dimensional photonic crystals with multiple peaks in their optical

reflectivity spectrum.

Sample  Preparation: Porous silicon samples were prepared by
electrochemical etch of heavily doped pt+-type silicon wafers (boron doped,
polished on the (100) face, resistivity of 0.8-1.2 mQ-cm, Siltronix,
Inc.). The etching solution consisted of a 3:1 volume mixture of aqueous
48% hydrofluoric acid (ACS reagent, Aldrich Chemicals) and absolute ethanol
(ACS reagent, Aldrich Chemicals). Galvanostatic etch was carried out in a

Teflon cell by using a two—electrode configuration with a Pt mesh counter
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electrode. A sinusoidal current density waveform varying between 51.5 and
74.6 mA/cm® is applied. The anodization current was supplied by a Keithley
2420 high-precision constant current source which is controlled by a
computer to allow the formation of PSi multilayers. To prevent the
photogeneration of carriers, the anodization is performed in the dark.
After formation the samples are rinsed with pure ethanol and dried with

nitrogen gas.

Instrumentation and Data Acquisition: Samples were illuminated with a
tungsten lamp, and the reflected light spectrum was measured using an Ocean
Optics S2000 CCD spectrometer fitted with a fiber optic input. The
reflected light collection end of the fiber optic is positioned at the

focal plane of the optical microscope.

Photonic crystals containing 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. The
Rugate PSi generated in this method exhibits a very sharp line 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. One of the most unique features for multilayer
porous silicon is that its reflective spectral band is much narrower than
the fluorescence spectrum obtained from an organic dye or core-shell

" Thus more spectral lines can be placed in a narrower

guantum do
spectral window with the photonic structures. Rugate filters possess a
sinusoidally varying porosity gradient in the direction perpendicular to
the plane of the filter. The waveform used in the present work involves an

individual sine component, which is represented by Equation 1.
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yi=/4iSiI’]</(if) + B (1)

Where Vi represents a temporal sine wave of amplitude, A4 ; frequency, &

; time, #; applied current density, 5.

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. Two methods are used to
generate multiple rugate structures. First, a set of five sine components
(Fig. 1A) combined each individual sine component has been used to create

multiple rugate structure, Equation 2. (Fig. 1B)

ycomp = (yh Yo, ., yn) (2)

Second, all of the individual sine components are summed together to

create a composite waveform shown in Fig. 1C, Equation 3.
Equation 2 and 3, containing all the encoding information, can be
converted to an analog current-time waveform to etch using a

computer—control led digital galvanostat.

Multiple rugate structures have been generated by using different

parameters in Equation 1 and displayed five peaks shown in Fig. 2.
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Fig. 1. Representation of the encoding method;

(A) five individual sine components;

(B) a set of consecutive five sine components;

(C) a composite waveform summed five individual sine components.

A waveform containing

five separate

frequency components has been

investigated. The values of k; for each of the sine components are varied
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from 0.16 to 0.24 Hz, with a spacing of 0.02 Hz between each sine
component. The values of Ai and B for every sine components are 11.55 and
63.05 mA, respectively. Reflectivity spectra of multiple rugate-structured
porous silicons etched continuously with five separate periodicities using
a former method are obtained and displayed five peaks as shown in Fig. 2

(top), but the rugate peaks are not placed in the same physical location.

Reflectivity{A U )

400 500 £00 70D 500 a00
Wavelength{nm)

Fig. 2. Reflectivity spectra of multiple rugate porous silicon.

Multiple rugate structures have been successfully generated by using an
Equation 3 and displayed five peaks as shown in Fig. 2 (bottom). The
resulting rugate porous silicon film exhibits a porosity depth profile
which relates directly to the current-time profile used in etch. Each of
the main peaks in an optical reflectivity spectrum corresponds to one of

the sine components of the composite waveform, indicating that the
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reflectivity spectrum represents the Fourier transform of the composite

current—time waveform.

Reflectance spectra of five encoded porous silicon samples are prepared
and showed five bit encoding. The spectra shown in Fig. 3 are divided up to
five regions, and the bit representation of each peak in the spectrum is
super imposed over each peak. In latter case, both the wavelength and the
amplitude of the spectral peaks are controllable by changing the etch

parameters and could be useful for an encoding information.

[ e

Ll ifo] ] 1]

ENEREN IR

Relative Intensity

Lfof o] o]

400 500 600 YOO 800 900 1000

Wavelength, nm

Fig. 3. Reflectance spectra of encoded porous silicon samples.

The complete deletion of a peak shown in Fig. 3 has been achieved and

demonstrates the capacity of this method to create binary codes, while the
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wavelengths and relative amplitudes of the remaining peaks has been fixed.
The presence or absence of a spectral |ine can be recognized as an on state

or an off state, respectively.

A robust method used to prepare optically encoded rugate porous silicon
which could be useful to create multiplexed assays has been demonstrated. A
composite waveform summed all of the individual sine components results
multiple rugate peaks placed in the same physical location. Each individual
spectral peak in an optical reflectivity spectrum corresponds to one of the
sine components of the composite waveform and is controllable to create

binary codes.
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. THEORETICAL BACKGROUND
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Scheme 1. Bragg’s Law and diffraction. (n:the order of the reflection, A:the

wavelength, d:spacing of the multilayer which is equal to the sum of the

_5_



thickness of one layer pair of the high-Z and low-Z materials, ®:the incident

angle between the x-ray beam and the plane of the multilayer.)
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Aol At el gt B 7hA o & 5o of# 9] Table 29 2241

W 2 e dojFe AAl el A e shAh

Y A Ah st fi

1 11.55 63.05 0.24
2 11.55 63.05 0.28
3 11.55 63.05 0.32

Table 2. Various Sine Wave Composite; F; : sine wave, A @ amplitude, Aicenter *

center amplitude of the sine component, f; : the number of vibrations(Hz)
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¥3 = (3%11.55)*sin(0.32#pi*t);
value = (Ji + Ji + F)/3 + 63.05;
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M. EXPERIMENT
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Porous Si Surface

Scheme 3. Method Synsesis of Bragg Structured Porous Silicon
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a. 3=A ~HEZu¥E (Ocean Optics USB 2000)
b type AelE Aol A AL RAE AW F e FHAA WAL

= SAS7] Sstd veH 2L 7IAE AHESR T Ocean Optics A8l USB
2000(Detector range : 380 ~ 1040nm)¥} 4000(Detector range : 400 ~ 1600nm)
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Etching

Optic Fiber

LISB 2000 Miniature
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(O0lBase SL peetrometey Fiber Optic Spectrometer

Scheme 5. operation ocean optics

b. Galvanostat (Keithley 2420 E ¥l 1] )

e AelE9 etching #AY 54 T stuel AR Adds 8= Tl w
g 2 AdelMde eI 22 A¥E ARSste] T A AlAE
KethleyAF2] 2420 Sourcemeter &S o] §-3to] #FA| A2}t ElectricSweeper 3 271
H} dZdste] g Fu AF F¥e S BRUer 2 24 g s89 54
Al voltage?] MH = 1uV ~ 1100Velx, d& Al Voltaged W$l+= 50pA ~ 1.05A9]
t}. (Scheme 5)
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c. FT-IR A9 £37] (Nicolet 6700)

AMES SAsH7 o dA 71 Z A0 IR AFE &A1 tisli Al GofoR gk 3 WA,
Collect Background (71719 Z&te= e AA)E Ao F WA, Collect
Sample (M&E°] FA)E FAT Al HA, Search (AWZ°] AALAYA F4)& &
o} ool gk ARG A Aol daEojof & 7] E A & Ads FAe
3t} Experiment Setup Woll ColletES A ®slo] 7|22 ME S slojof Tt} A
g == ugS3 Zt;  Scan 16, Resolution 4, Data Spacing 1.929 cm-1, Final

[

2
dlo

&

N

Mo

format % Transmittance, Correction None. 270 (scan)2 Moving Mirror®] o°|%
gk & 1 Scan ©l2} stH 1 & AA T F Atk &35 (Resolution) =4 Al
F9o] o & AL Background =% Al 9} Sample =73 A 9] #3] 5 (Resolution)
S ZA & FHokwt &Yt} Data Spacing® 7§ Spectral data point®] +F4& =
st o] Resolution®} Zero fillingel wzt ZAAGYo. dd X A
Collected® A2 FHFAQA Y& unite 24 Ytk Correctiond 4% 4 +
Uetd 4+ JdE 54 A IR SpectralS B4 & 4 5yttt 2 2ol Automatic
Atmospheric Suppression®] 7§ Software® 0.2 ¥7] 59 FEI} o]Atdets
woll A7l 54 IR 5 498 AFo= s 4o

e A

AL
ru
o
N
o
of

71 Heid = vhs3t 22 Aol A8 Hojof Futh 5
3 p -typed A$E doped® YA FHY I F(EE FA)A wEM IR
detector®] A1& Al7]el FaFE F7] wWEol Hojo ANsA7|E vrE Fojof g
o} o] & Y A= Bench® Peak to PeakZ= (Interferogram® ZPD$H X oA 2] =7]

et 5= A) 6712 A= sFo] F= Aol MY A3 gy th.(Scheme 6)

il
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ﬂ Peakto Peak:7.99  Loc:1024 al "
£ Minihizc 75 Peakio peak 1 //’“mm“

S

' .
1000 “
|
Data points wo O mm o wme Tam an O wm T we
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Scheme 6. Setup for Fourier-transform infrared spectrometer.

(left : Peak to Peak, right : Collect Background)
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B. Bragg &2 < ©|&%3% DBR Filter

Skl M A G5 ey Ay Vg dF
F e 931 2 Aot oy dHE F55 7] Y5t
A 25 AAsto]ol gt o] YA = HE @ 1(Bragg) ¥4 4
1 @A oz £ UrenEe FAE A7 @ ud oy FAE =43
Asted el dws Aok sk oy go] Ak oE HdA v 2
W9 o 2 Bragg Filters #12sts ol Aok R v =& AF(gso)
ol A (high current : 50 mA/cn®) 3 #HA WAL 9327t Yebd o) 744 o 4 (etching)
sto] 1 AR WhAbE o] gk ~2HER S SATT. 1 v @2 dralo o A (low
current :© 5 mA/em®) 9 1%5E 327149 zto]lE FAo] Ao WAL&S =A )
ojwf & bsfojo} = o] wkALE TAfo] U dtE AZEE AEsle] §)
°] (high)?} Z%-(low)E 20 HH& gk},

d

N

Mo

4000
3500 —— 1min20sec
- 3000 Imin3bsec
) = —— imin40sec
b < 2500 minSsec
= = .
= = — 2
5 £ 2000 min
8 T 1500
é ; 1000
.
: - a0
400 500 600 700 600 oo 1000 400 500 800 700 800 200 1000
wavelength(nm) wavelength{nm)

Figure 2. Reflection Spectrum of High or Low current;

A : High Current(50 mA/cn®), B : Low Current(5 mA/cm®)

2
N
o
ofy
ko
o
poy
Mo
Hi
Mo
>
:{m

(high current)& Ao Fo] 7IAl#d 9499 7+
=2 JdUAE Ze diHdS A= Aolth.(Fig. 2A) I tdg ¥ AF(ow

current) & AojFo] J9Ud VA FA HHYE A= Aolth.(Fig. 2B)
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C. Rugate 372

kA

S o] &3 Rugate Filter
bed A%¥or Wit TAES e

o1 AAHL did do] FAFe] 27 wWol

243 Bragg Filterds
Rugate Filtero] A9+ 1 A 2}oj

=2 dFe 22 AFY dAd disiA dFS v AA e A I (sine wave)
o] 3y B2 (etch)st= oA 7o AVIE ATo=ZA &7 Rugate

FilterE A zt& 4+ 9l
o] 71 e they e Zr A S o8] AelnE s ).

0& ol &sto] e AFgS A7 Ao 522 5 e 22185 76

L2 A ]-&3ke] st thh o gas 7 8
T dnh o= ARV R gAE = A2 deld e Vweld whAbE o o= Hle

et B Qe FeAo gisiA nY dSsie Aladow AR A
45 It Sdet i FASG AxE =& F 5 U
= mil | = et
) | :
£ m_ f| |' EWJ
5 il | 2
" | || £ et
- |r||J||,|||| ‘llf||.|lr.|||,‘l|”
| || Vo Iu | o
”|||I ! ‘ | I l'. .I iy |
| | | o' VAYAY, i
2 | ol IR Pl
| I| 1o
% ] i W 7] 7 T g & e e i = 2

Tirne(s)

Scheme 7. Simulate using to Matlab Program; left :

right :

o
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X
lo,
fol
o
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=
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D. DBR Filters o] £33 ®7]1& AlA
1. 718 =4S 93 9 AAs)

a. Hydrosylation (UV)

2

20 zd WkE-3 =9 DBR (Distributed Bragg Reflectors) ta 4 Ag 2%

=
At 55 Ay A9 Cellol dolss ¥ Ad9S ol8ste] werg 1 o

RSN

dlo

ol

l-octeneE 20 ¢ A% Y+t Vacuum pumps o] £35te] dAaAL= dd &
718 AAGY. 2 g 360nm FFS z2reE 55 AH F WS (Fig. 4) St
11413+ &9t hydrosilylation W3S Al Zlth FT-IRS ©]&3}4 SiO; 1§ peakE

g3t} b3 Ocean OpticsS ©] 8319 reflectivityE &4 g},

R

..
L.

Quartz Cell

»

Scheme 8. Photolysis equipment (360nm) and Quartz Cell.

b. Oxidation (Themal)

o

32 DBR o34 g Wy o dAA 4stE et v 22
ZAs A AP AT. S B 300CE oF 587 AYFE golHE A3zt Al AT
FT-IRS o] 43¢ SiO; peakZ 1200cm ‘ol A F9lgt}. t}& Ocean OpticsS o] &

5}l reflectivity® =4 3t}
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Scheme 9. Multiple Encodings Based on Current Increase
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- Source Type
& Current Source (rma)

 Woltage Source () erations |1

- Compliances
Sine Wave Seftings Sequennal Source Settings Goltane 12]_
e ilDD— Step Walue Duration(Sec) Add| i W

Period (Sech
0 Start |
Ma, of Steps

|
|
|
|
|
|
|
|
|
:
|
| Swing [0
|
|
|
|
1
: Cancel |
|

|

|

Scheme 10. Electric Sweeper Program

A2E Y-S AF(Current Source @ mA)el  AAsA, A2 HEES AR
(SequentiaDl A ZE 3t} Add B+ AEste] F231, Value &olle A7 3
< Duration(Sec)= AlFE = e}, Iteration A W34 ojmz 2032 gb
%t} Compliances® @A ADeles =19 Ho #HEt o =4 #Folop 3,
Keithly 2420 HlelA &78= @AAE HojA= ¢ @t (Scheme 10)

M0 UL

time time

amplitude
amplitude

Scheme 11. Consecutive use of different current (Bragg)

%49 Afol U ML= (Scheme 1D01A wEol Frle HHel mg A%
49 58% & & vk
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Scheme 13. Sum of total direct currents
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IV. RESULTS and DISCUSSION
A B3 O34 AAF %F 2 FWHM 374 2
93 vdeAd AeIs AFstr] fEsiA p-++ B Y delsE oes3 HF
(50%, Aldrich)®] 1 : 3 &9 o] &35t A|ZF& 1% H 5&7-4 A#F+=  10-100
mA\/cent 7FA] dho] Z+Zb etchingdle]l & @ thEA A E o]y o] uwkale] o g
EA 3 FWHM tfg 2= o]t}

i)

!

Etching Condition : p++ - type (0.008~0.012Q¢m) 10mA

4000

—4—p++, 10mA

Reflectivity(A.U.)

1 2 3 4 5
wavelength(nm) Etching times{min)

Etching Condition : p++ - type (0.008~0.0122¢m) 30mA

4000
3500 50 4
3000
-
Z 2500 | a0 - —e—p++, 30mA
E]
S 2000 =
3 < 30
= 1500 £
a
o
1000 20 |
500
0 s 1 L L 1 1 1 1 L 1 10
400 450 500 550 600 650 70O 750 800 850 900 950 1000 1 2 3 4 )
wavelength{nm} Etching times{min)
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Etching Condition : p++ - type (0.008~0.01252¢m) 50mA

4000 -
3500 | 35 4
3000 | 30
5 —e—p++, BOmA
= 2500 | 25
=3
Z 2000 | =20
g £
= 1500 | 18
o
1000 | 10
500 | 5
0 L L L L L L L I i - 0 . J
400 450 500 550 600 650 700 750 800 850 900 G50 1000 1 2 3 4 5

wavelength{nm)

Etching times(min)

Etching Condition : p++ - type (0.008~0.012¢m) 100mA

4000
3500 o1 .
3000 1
20
S —e—p++, 100mA
= 2500
E 16
2 2000 =
= I
2 12
5 1500 E
o
s I
1000
500 v
0 0 *
400 450 500 550 600 650 700 750 800 850 900 950 1000 1 2 3 4 5

wavelength(nm)

Etching times{min)

Figure 3. Change of Fringe Pattern for p  —type PSi During Etching
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Y7t G4 A g3 AEEe 9F vt Ao ® o dAT dARF
£ 7teto] FAEY. 29u BAF =

1 RRALE st thE DBR thE A A Es AT F AN
DBR t&4 AHuE& A 2L p -typed AE do]ldE (boron doped,
(100), 0.1 mQ/cm, Siltron inc.) °l&&2 HF (50%, Aldrich)¢] 1 : 3 &H4& o] &
stol d7lshet A FA g dFe 210 5 mA/arol A 1 30%F ¢ 50 mA/crell A 3
Z F¢ w2 20 zhd whEsto] A gtk ojuf wkAL S-S ZEleE 9o 2

Al kel whel vE

d

2
z
o
[©]
=
@]
=
)
ol

% Etching Conditions Light Source
- PSi Substrate: p**(0.1mQ/cm)
- Electric Current : 5 and 50mA/cm?
- Solution : HF(aqg) : EtOH =3: 1
- Period : 20 repeats

4000

3500
3000
2500 -
2000 -

Single Crystal Si Substrate

1500 -

Reflectivity(a.u.)

1000 -

500 | m}\Bmgg =2(d;n, + d,n,)

0 m = spectral order

400 500 600 700 800 900 1000 A =wavelength
Wavelength(nm) n =refractiveindex

d = thickness of film

Scheme 14. White light reflection spectrum from a DBR PSi film.

p ~typed A E HdolHZ oeE& 3 HF (50%, Aldrich)9] 1 : 3 €945 o] &3}
of AFo F7o] 5 mA/errol A 18 30% ¢ 50 mA/croll Al 3%7F %22 W= 20
2b# wHEElo] etchingstel 28 vt DBR t3A A2 560 nm9 Hguk wl

AA7] = e SA S 7ER Slold & Alzedv(Fig. 5)
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Reflectiviy(A.U.)

1000

500 r

0 7 . . . . . . . | !
400 450 500 550 600 650 700 750 800 850 900 950 1000
wavelength(nm)

Figure 5. Reflection spectrum of DBR PSi structure (560nm).

o]gA AlzE vhF DBR thaAd Ao W AR FESEM (field emission
scanning electron microscoph)& ©]§3to] Aglom ol °oF 4um ot} (Fig.
6A) ZAHAIE] EothE FESEM ARol A= &8 T A/ Al7le wet o34 F9
w7 welg S #= & 4 ddrh (Fig. 6B) o8 e vz F9 Ux (F7)0

Wel 4% we WAk hgs wE S ok

bragg 15.0kV 8.4mm x10.0k SE(M) 10/19/04

Figure 6. Cross—Section SEM image. A) Optical thickness 4/m, B) LC (low
current) 5mA, HC (high current) 50mA.
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C. Rugate Filter® 373 A ZA3}

Al el 9} (sine wave)® A Z % o] A Rugate Filter® Ocean Optics USB 20002 o]
43te] ZAAFA 9 400nm ~ 800nme] WHAF A8 =49l (Fig. 7)

| s Etching Conditions
- PSi Substrate - p™{0 1m o/m)
- Elsctric Current ; 11-~34mAlcrm?
4000 - [08nm| - Solution - HF{aq)  EtOH = 3 - 1
- Feriod: 100 repeats

Currert Density, rmadom

Time secan s

3000 - Light Source

2000

Reflective Intensity, a.u

1000

md = 2({n;L; + n,Ly)

400 500 600 700 800 900 1000

Wavelength, nm

Figure 7. White Light Reflection Spectrum from Rugate PSi
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D. DBR Filter< °143% #71= AA 23
1. 718 dbgo U3 A3

Y% DBR (distributed Bragg reflector) W54 2Ag &9 23 2L 43
A A Q3

300Col A 2F3kA] 71 t}3=2¢] DBR (distributed Bragg reflector) U344 A& &3
kS 21714 o2 DBR the A A2 whap AsER S Hlag Aot (Fig.
9) 59 DBR t&4d A2 2 WA #Ao] AsAzl & o 20nm A%
blue-shift¥ 21tt. o] blue-shifte taA Hed Fol 43t A& Foz Wale

lm

ol

4000 - — Fresh DBR PSi <Oxidatized DBR PSi>
— Oxidatized DBR PSi

s
g 3000 Thermal Oxidation : 300 °C
> . . .
£ 2000 Time : 15 min
E Shift : 568nm —> 547nm
= 1000
oc

0

380 480 580 680 780 880 980
Wavelength(nm)

Figure 9. Reflection spectra for oxidized DBR PSi and fresh DBR PSi.

3 dk& 7)ol A 11A7F E9¢ 1-octene® ® hydrosilylation 2171 th=¢ DBR
(distributed Bragg reflector) t34d AT &3 w3 Al7)1#] &S v4E29 DBR v¥
A A Ee WAL 2" Eq]S vuer Aotk (Fig. 10) Hydrosilylation A1 t&
o DBR w&d A& 1 WA dpge] wbgA7]7] Bk oF 20nm A=
red-shift¥ $1t}. ©] red-shift= A ARE Tl frl=el fZEH v =
o] 2AES TU/IANHOZ Ad| WHAL peak’t Aoz WEEHE AydE YEd
o}

o
of
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<R-terminated DBR PSi> 4000 — Fresh DBR PSi
s — R-terminated DBR PSi
R : Octyl 3 3000
. =
UV Lamp : 305nm £ 2000
Time : 12 hour §
Shift : 527nm —> 542nm %% 1000
/) o
0
380 480 580 680 780 880 980
Wavelength(nm)

Figure 10. Reflection spectra for hydrosilylated DBR PSi and fresh DBR PSi.
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Yt =9 DBR (distributed Bragg reflector) FilterS °l 43 f7]189 74

g2 thE9 DBR (distributed Bragg reflector) Filterg ©]&3}¢] sensor® A
& 7t gol BRI oEE VAE Eoj¥o FHA A WHIE
CollEE S717F dlolH e vlEoel A el wed whARTRAFo] red-shift®]
W= oo (Fig. 11) ol 2 g RkAL S-S o] 5L 7139 #F71=9 &52
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Scheme 15. Capillary condensation; left : before, right : After
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Red Shift under the exposure
of ethanol vapor

4000 —

3500 - { Every 3 sec
3000
2500
2000

1500

Reflectivity(a.u

1000

500

400 450 500 550 600 650 700 750 800 850 900 950 1000
Wavelength(nm)

Figure 11. Sensing ethanol vapor using DBR PSi. Each spectrum was taken

every 1 second upon exposure of ethanol vapor.
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BEXNEo B3z RWE (Dipole Moment) % 3

olal == (Fig. 12) &olA A 2Fe M 714 AZ (Fresh DBR PSi, Oxidized
DBR PSi, hydrosilylated DBR PSi)& 7}x 1 W g2 3 s)ite] F7]twts o] &3}
o] air-free A Efol A DBR PSi9 reflectivity H3E =As vt AyoA Bl
5ol F7|%o]l A F 715, 5 methanol (571 97.48 mmHg, 20.0C)%}
hexane (7% : 121.26 mmHg, 20.0C)¢l 3719 4% dipole moment’} &
methanol®] 74 44 EWS 2 oxidized DBR PSiolA 7hd 2 Fubg W9
(10nm red-shift)E H®ols wkd (Fig. 12B) &4 WL 2z'= R-terminated
DBR PSi¢] 4% 7F4 A& 37 w9 (Bnm red-shift) & B oAFAoh. =g H
4 #A9 hexane?l 7§ R-terminated DBR PSi®l A methanol2. v} o & 3%
o=z WoH e BoFAn. (Fig. 12C)

JH

4000 ——Fresh DBR PSi
——Hexane
5 3000 —— Methanol
®
z
> 2000
°
°
©
@ 1000
0
460 480 500 520 540 A
Wavelength(nm)
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4000 —— Oxidatized DBR PSi
—— Hexane
S 3000 — Methanol
«
>
= 2000
°
o
& 1000
0
520 540 560 580 600 B
Wavelength(nm)
4000 r — R-terminated DBR PSi
— Hexane
= 3000 — Methanol
o
>
= 2000
°
o
& 1000
0
480 500 520 540 560 580 C

Wavelength(nm)

Figure 12. Dipole moment effect of analytes. Reflection spectra upon exposure of
organic vapors to A) fresh DBR PSi, B) oxidized DBR PSi, C) hydrosilylated
DBR PSi.
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Figure 13. Vapor Pressure Effect of Analytes, Reflection spectra upon exposure
of organic vapors to A) fresh DBR PSi, B) oxidized DBR PSi, C) hydrosilylated
DBR PSi.
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