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Energy Bands for the Interface between n-type Si (100) and HF

Solution in the Photoelectrochemical Etching Reaction
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ABSTRACT
The aim of this work is to construct an energy band diagram for the electrochemical etch of

n-Si(100) in hydrofluoric acid in the absence and presence of illumination. Experimental
measurements of the open circuit potential (OCP) and Flatband voltage (V

fb
) were combined with

theoretical calculation of the conduction band (Ec), valence band (Ev) and Fermi level energies
(E

F
) to establish the band diagram. By means of diagrams established and kinetic data measured

we successfully estimated the activation energy of the photoelectrochemical reaction and explored
the singular and combinative effect of illumination and electrical bias on this reaction. The
dissolution rate under an anodic bias of 0.250 V

SCE
was extremely low in the dark but it could be

speeded up to a few tenfold when a lamplight from 15 to 45 W was illuminated. For systems
illuminated at constant power, the etching rate increased to a plateau and leveled off with an
increase of anodic bias.

Keywords: Energy band diagram; Silicon etching; Photoelectrochemical reaction; Hydrofluoric
acid.
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3 n-Si/2M HF 0.250 V
SCE

5400 SEM (a) (b) 15W (c)

30W (d) 45W 

Figure 3 Surface morphology of the SEM for the n-Si/2M HF etched at 0.250 V
SCE

for

5400 s (a) in the dark and illuminated at (b) 15W, (c) 30W and (d) 45W.

1

Figure 1 Schematic diagram of experimental setup.

2 n-type / (a) 
(b) 

Figure 2 Qualitative description of the energy band
diagram for n-type silicon that is (a) prior
to or (b) post contact with the HF
solution.
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4 n-Si(100)/2M HF - (a) -0.40, -0.25 
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Figure 4 Variation of current density with time for the n-Si(100)/2M HF system etched potentiostatically

at (a) -0.40, -0.25 and 0.00 V
SCE  

; (b)-0.10, 0.00, 1.00 , 2.00 and 3.00V
SCE 

. The first (0 - 50 s)

and third (90 - 120 s) time intervals in (a) and the first interval (0 -60 s) in (b) were all in the

dark but other intervals corresponding to higher current levels was illuminated by 45 W.
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