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Abstract — Since the use of porous silicon for microsensors and microactuators is in the early stage of study, only
several application devices, such as light-emitting diodes and chemical sensors have so far been demonstrated. In
this paper we present an overview of the present status of porous silicon sensors and actuators research with
special emphasis on the applications of chemical sensors and optical devices. The capacitive type porous silicon
humidity sensors had a nonlinear capacitance-humidity characteristic and a good sensitivity at higher humidity
above 40 %RH. The porous silicon n"-p-n* device showed a sharp increase in current when exposed to an ethanol
vapor. The p™-PSi-n* diode fabricated on porous silicon diaphragm exhibited an optical switching characteristic,
opening up its utility as an optical sensor or switch. The photoluminescence (PL) spectrum, taken from porous
silicon under 365 nm excitation, had a broad emission, peaked at ~610 nm. The electroluminescence (EL) from
ITO/PSi/In LED had a broader spectrum with a blue shifted peak at around 535 nm than that of the PL.
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(a) cross section

(b) higher magnification
Fig. 1. SEM micrographs of nanoporous silicon layers.
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Fig. 2. SEM micrographs of macroporous silicon layers with a
straight structure.

S3tel, W7153H ol ABS ALe3 Fig 2% 22 53 vj=
2 713¢ 2 03 HEEL 348 1S4 wd B
g} gIThY 713e (100)@e] FA Yo 2 YYsgen], &
AsAl BESAT 7139 WAFE o 1.5-2 pm, POl 2030
umol g3, 713Ate)7k M AASA e F2E RErh 0|9}
e 72E $AR 9% SEE 2 pd 2G| geiA
o)l RaEYY e QelEe) Faske e hEF ot

3. CHBE Al2iE SiBHdIA

tEd AgEg Ho|223= wlo|ZZAME T2 33 Al
A7t AFH 3 Yok 53] 2838 - JAE YA V1€ v
A AgEe o] 43 F5 - 7t2AME tHEA deZor A
e a7t Az ot Hx 9] PSi M e, deE
71BEAE Ao JfAsle gfe thEd dAEFE
A F ARAFS PSi T, sHAFE A2 719 2ol
Z2s B3y AR EY F A4 (bulk-type capacitive humidity
sensor)o]t}h. PSi &o| &7]o] nEHW, 7|F Wil F357\7%
%50 PSi 39 571 FA&0] F718a olAo] AAEFS]
Wiz &9t 239 FRAA4E W 22 2EE 2AY,
I EA4o] nlojojx FAe A &gt 53] Hulo|ojx9
A% =0 e ZErt A FE AL & 5 ded, oA
Sutolo] A o) thFA M o] FAHRA o4& HAAM FH
29 gl 7|2k Aoz AZrEr). PSi-E A Ale]9] A
wEA o] FAEF nA= FFE AA] AN & =2l



FTA75830A A 24, A13F, 1999 19

Let Wb Exp  F————————r 500 pm

(b) cross section
Fig. 3. SEM micrographs of macroporous silicon diaphragm.
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Fig. 4. Capacitance vs. relative humidity.
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Fig. 5. Porous silicon n*-p-n* device.
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" Fig. 6. p-PSi-n* diode.
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Fig. 7. Current-voltage trace of p*-PSi-n* diodes, showing an
optical switching.
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Fig. 8. Photoluminescence spectrum of porous silicon under illu-
mination of 365 nm.



F=a7)geeA) A 24, A 1E, 1999 21

10+
a
Current (mA)
_f_,: 8l a 100
c b 70
3 ¢ 50
.e' 6k d 30
(3] e 20
g’
2
.% 4 -
€ o}
0r f
1 1 1 1 1
300 400 500 600 700 800
Wavelength (nm)

Fig. 9. Light emission spectra of PSi LEDs for different currents.
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