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ARSTRACT

This research presents the development of nanoporous silicon visible light photodetector
for application to color sensor. The study on structure and photoluminescence properties of
nanoporous silicon layer performed at a room temperature. The nanoporous silicon layer is formed
by electrochemical etching reaction of silicon wafers in hydrofluoric solution which is called
anodization. When the nanoporous silicon layer was excited by 365 nm of ultraviolet light , the
photoluminescence was observed. The experiment showed study of structure and
photoluminescence properties of nanoporous silicon layer under various anodization conditions.
Additionally , effect of temperature on photoluminescence was studied as well as stability of
photoluminescence under variation of surrounding gases.

It is found that the varying one of anodization conditions such as the resistivity of p-type
silicon increase , the resistivity of n-type silicon decrease , the current density increase , the
concentration of hydrofluoric solution decrease or the anodization time increase causes decreases
in its nanostructure and photoluminescence wavelength which attributed to the quantum size
effect. The study on the effect of ambient temperature in the range from 300 to 20 K. It is found
that the photoluminescence intensity increases with decreasing temperature. In addiﬁon , the study
on the effect of ultraviolet illumination and various ambient gases such as nitrogen , oxygen , air
and vaccum. It is found that ultraviolet illumination to porous silicon for a long time causes
decrement in its photoluminescence intensity. The photoluminescence intensity decreases rapidly
when nanoporous silicon layer is illumineted in oxygen gas. This experiment supports that the
photoluminescence of nanoporous silicon layer occurs from radiative recombination of carriers at
surface of nanoporous silicon. Finally , The nanoporous silicon layer was applied to be
optoelectronic device such as nanoporous silicon photodetector , which can response to visible

light for application to color sensor.
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]
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' o A a Ha a k4 9 a a ada & 9
'emn'liﬂmmuawmimﬂ;]ﬂimmizuuum UgnsenTduniiffatiurzdosdszneu
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2.3.1 anvaenszuauazusanu Iiihmeluaa Wil uadt
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3 v aa a w a o i a ¥
Fuweiadanoulidnuuzuazwganssuduuuusendn lalea (Schottky diode) TRATUIIN
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d'dy 9 1 a o 9 dy a &2 o v o o
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1 ) = 1 an PN o
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azaensa lalasvgessn finmeldifeululumsgrmenasuas hignaouas Miidauazany

v o o 1 @& 1
ﬁllwu‘ﬁllﬂﬂﬂ'lﬁﬂuﬂﬂ'lﬂlli

T ——— | ——
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Current
Current

Volts

(n) ()

31 2.18 werasdnvaznszuauazussiy Inihwousa Idunfisznawinddneu

(n) wilafi uoz () siadu luasazmonsa lalasvigossn [11]
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) a . . s o 4 a dy 1 9/ =8 a
UUUERUNEY (reverse bias) Tavaziinszuaiidufadunnnaveswimzdiuiiosneiunand
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{ 1 an a o [ o s @
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wiidnunsru@etuiums lusauuudoundy (everse bias) daunisludaaa iy

4
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Tudwniins ludauy anodic bias [11]
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3 dy Y dy [] = nﬂldu Y dy 8 aa d'
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| g solution
Er
(n)
Si4+
E | ‘
Electrolyte
solution

Photons

(v)

3101 2.20 wamsdnBAzIOUNA IRV AR duFTIEH TaNAnFAnoY

() wiiaf uaz (v) siladu fuasazaenialalasgessn [12]
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vngmwdredueziiuldn fimsTdwevewnuwdinufaiuiiuSnaridudaszniwan
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vanmeziiu ldhifan IfhanasenuSnamemelusaiifiuedl siide

t4
r=d

}4
M luiievewdinganoy sxiidna IfhnansouuTnadedeluil fe
s o ' Q. n,: o W ] :,’ [ QR Aaa
1. fnanlWihianasenuSnaddudassnheh Tansfundandanou (v_)
2. finn ihfianasenunutasammusinszua (V)
b4
M lumsazmensalalasvgesin siifnaliihanadouusnudade 11l fe
as = 1 a 3 LYY 1 3 ad [y
3. e lihfianasenuSnuthdudasenhndddnlasafumsazaensalalasly
8930 (V)
y N
4. dnen IWhianaseuuSnu diffusion layer (V,)

¥ v, dudnen Idhateulfudealifued mewsadouaumsdnarliih

4
v Ad

sveeIzul Ianstife

\% = V, + Voo + V.. + V

a can Elec

(25)
[ » E4
dn i v du v, Tuee Idfhuedindfeulvlumsadsiuvesnesadanou

a ) a ~ v & 8 Y P =y 9 o
HUURYINY ISUAAINLTUD muu%mﬂﬁﬁumm (2.5) mmmwau"lﬂulu

Vv, = V, + Vgg + Constant (2:6)

nnaunsd (2.6) szituldhdne IfhiianasenSine: diffusion layer (v, fi
finan T fianaseunSion Space-charge region (Vo) weifiusutlsiidrdametumaluih
(Al Gfﬁ%zr‘ﬂuﬁamuﬂuwmzuazﬂﬁn‘?mﬁnﬁﬂﬁu Tag

Tuwdnaanousiiafi esnnilumsluauuy i (forward bias) Wildliida
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2.4 nalnlumananluneSadanou

2.4.1 Ufnseunfilumsiniiivewdndaneu
A A 9 £ a v an ' A o P k4 £ a a
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/7 '\ / \
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Vi 7N
- F
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F K’ H H
\l;l N/ \ / \ /s
si - Sj Si Si
/7 \ / \_ / N\ N\

P 3 - s dy 2 Aaa
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aszuaumslumstleudna ldfhdhuanlddudierTua (s AuSnuEmhvewangansy
t d o a { 1 1
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. A?l Y 9 3 d' é a o P ar
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=

[] } 4
muﬂgﬂimmmumsnﬂﬁmﬂﬁummmﬁﬂuL‘f]uﬁumﬁmﬁ"lﬁ'ﬁauﬁa [14]

Si + 2HF + h' > SiF, + 2H + ¢ (2.7)
SiF, + 2HF > SiF, + H,(g) (2.8)
SiF, + 2HF > H,SiF,(aq) (2.9)

Mneumsf (2.8) uaz (2.9) musadsuaumstfnsouatison nad @iy

SiFZ + 4HF > stiFs(aq) + Hz(g) (210)
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