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Abstract The pore morphology of porous silicon formed on n-type silicon is explained in
terms of a tunneling mechanism due to a high-electric field region at the pore tip with large
curvature. In this study, the potential distribution at the interface of electrolyte and n-type sin-
gle crystalline silicon was calculated by solving the Poisson’s equation when pores were formed
by electrochemical method in hydrofluoric acid solution. The vertical propagation of pores
across the wafer was explained with the electric field strength and current at the pore wall cal-
culated from the potential distribution. Also the pore spacing was found to be determined by
the thickness of depletion layer.
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Fig. 1. A domain for mathematical model.
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Fig. 2. Potential contour around a pore on
n-type silicon wafer of r,=20 Q-cm for

pore size = 0.1 pm.

B2 7)F el AZAY A7)0 Az
el e "L A7)7F 71 HE gl
Zastd FHI )39 ZACNME de
el

Tunneling & & & Wentzel - Kramers - Br-
illouin Approximationo] 2js] ZA=E™ =
717 A7l wet AFHe g FrRic14].
A} e 2 tunneling AF Hx & AR Y
A7)l met Frste] by Ao FHEEHY
A7 A7l dE AFPgeE ehdy
Fermi-Dirac 2X 34 [FAE)-F(E)]1& A
Sk 1a=

J qm* n-m*l/Zngi/Z
' = o TR exp (" 202 ¢h | 7 | )

[ UF(B) - F(E)lexp(~ 2B, /E) dBdE,
(8)

. o}7]4 J&= tunneling current, m*& ef-

.

fective mass, E,= band gap, ¢= electron-
ic charge, hx= Planck At<rolt}. E, = E-

Field Strength (V/um)

Fig. 3. Electric field strength distribution at
pore wall on n-type silicon wafer of r,= 20

Q -cm for pore size = 0.1 um.
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Fig. 4. Current distribution at pore wall on

n-type silicon wafer of r,=20 Q-cm for

pore size = 0.1 um.
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Fig. 5. Potential contour around a pore on

n-type silicon wafer of r,=20 Q-cm for

pore size =1 pm.
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Fig. 7. Current distribution at pore wall on
n-type silicon wafer of r,=20 Q-cm for

pore size = 1 pm.
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Fig. 8. Thickness of depletion layer (a)
when the wall thickness is smaller than
twice the depletion layer thickness and (b)

when the wall thickness is larger than twice

the depletion layer thickness.
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Fig. 9. Potential contour around a pore on
n-type silicon wafer of r,=20 Q-cm for
pore size =1 um and wall thickness = 4.5

um.
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