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ABSTRACT
The photo-electrochemical behavior of n-type Si (100) in an ethanolic hydrofluoric acid

(HF) has been investigated in this work. Dc-potentiodynamic polarization of the silicon, whose
backside was lighted with a halogen lamp, was conducted in the HF solution containing ethanol or
not. The voltammogram demonstrated that the anodic dissolution rate of the silicon in the HF
solution was accelerated by illumination. The dissolution rate was accelerated when the power of
illumination intensified and the HF concentration increased. 

Addition of ethanol into the HF solution resulted in electro-polishing inside the pits.
Potentiostatic dissolution of the silicon, lighted with a halogen lamp (50 W ), was conducted in 2
M HF solution containing various amounts of ethanol at potentials selected from the anodic
polarization diagram. Electrochemical impedance spectroscopy was also carried out in the same
condition. The surface morphology on the etched silicon under various conditions was examined
by scanning electron microscopy (SEM). 

Keywords : Photo-electrochemical etching; Macro-pores; Anodic-polarization; Electrochemical
impedance spectroscopy
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1.

Table 1 . Cleaning processes.

1.

Figure 1 Apparatus for electrochemical study.

3. 2M HF (A) 0W (B) 25W (C) 50W

Figure 3. The electrochemical behavior of n-type silicon in 2M HF solution

with an illumination intensity of (A) 0W (B) 25W (C) 50W.
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5. 5 0 W

(A)0M (B)5M (C)10M (D)15.8M 2M

HF 

Figure 5. The electrochemical behavior of n-type

silicon in 2M HF containing (A) 0M (B) 5M

(C) 10M (D) 15.8M EtOH solution with an

illumination intensity of 50W.

4. 50W

(A) 2M, (B) 5M, (C) 8M, (D) 10M HF 

Figure 4. The electrochemical behavior of n-type

silicon in (A) 2M (B) 5M (C) 8M (D) 10M

HF solution with an illumination intensity

of 50W.

2 (a) (b) 

Figure 2 (a) Flow chart for effect of illumination and HF concentration in electro- chemical etching; (b).

Flow chart for effect of EtOH concentration in electrochemical etching.
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7. 6

Figure 7. The equivalent circuits produced for different applied

bias in 2M HF without EtOH solution.

8. 50W 5M EtOH 2M HF 

(a)Ep/2 (b)Elimit

Figure 8. Nyquist plots of n-type silicon in 2M HF/ 5M EtOH solution with an

illumination intensity of 50W at applied potential of (a)Ep/2 (b)Elimit.

6. 50W 2M HF (a) Ep/2

(b)Elimit Nyquist

Figure 6. The Nyquist plots of n-type silicon in 2M HF solution with an

illumination intensity of 50W at applied potential of (a)Ep/2 (b)Elimit.
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11. 50W 15.8M EtOH 2M HF

(a) Ep/2 (b) Elimit

Figure 11. Nyquist plots of n-type silicon in 2M HF/ 15.8 M EtOH solution with an

illumination intensity of 50W at applied potential of (a)Ep/2 (b)Elimit.

10. 50W 10 M EtOH 2M HF

(a) Ep/2 (b)Elimit

Figure 10. Nyquist plots of n-type silicon in 2M HF/ 10M EtOH solution with an

illumination intensity of 50W at applied potential of (a)Ep/2 (b)Elimit.

9.

Figure 9. The equivalent circuits produced for different applied bias in 2M HF

containing EtOH solution.
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12. EIS (Rct)

Figure 12. The effect of EtOH on Rct in 2M HF solution with an illumination of

50W at applied voltage of (a)Ep/2 (b)Elimit.

13.

Figure 13. Apparatus of electrochemical set-up for

measure R (resistance of electrolyte).

14.

Figure 14. Nyquist plots for extrapolation of

conductivity in 2 M HF solution containing

various concentration of ethanol, the

resistance of solution is obtained at the

intersection point of the X-axis (y=0).
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16. 50W (a)0M (b)5M (C)10M (d)15.8M EtOH 2M
HF Elimit 3h

Figure 16. The cross-section of the SEM micrographs for n-type silicon at Elimit etched
potentiostatically for 3h in 2M HF containing (a) 0M (b) 5M (c) 10M (d)
15.8M EtOH solution with an illumination of 50W.

15. 50W (a)0M (b)5M (C)10M (d)15.8M EtOH 2M
HF Ep/2 3h

Figure 15. The cross-section of the SEM micrographs for n-type silicon at Ep/2 etched
potentiostatically for 3h in 2M HF containing (a) 0M (b) 5M (c) 10M (d)
15.8M EtOH solution with an illumination of 50W.


