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Wet-etch Characteristics of ZnO Using Acidic Solutions
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Department of Materials Science and Metallurgical Engineering, Sunchon National University

(20054 1190 2191 926 200643 1%) Bl & fg=ddl o=y

Abstract The characteristics of the wet-etching of ZnQO thin films were investigated using hydrochloric and
phosphoric acid solutions as etchants. The etch rate of ZnO films, using highly diluted hydrochloric acid
solutions at a concentration of 0.25% in deionized water, was determined to be about 120 nmymin, and linearly
increased with increasing the acid concentration, resulting in 1.17 #m/min when a 2% HCI solution was used.
The surface of ZnO etched by an HCI solution, observed by scanning electron microscopy, showed a rough
morphology with a high density of hexagonal pyramids or cones with sidewall angles of about ~45°C. Moreover,
the sidewall angles of the masked area were similar to those of the pyramids on the surface. In comparison,
the surface of ZnO etched by a phosphoric acid had a smwoth surface morphology. The origin of this difference
is from the very initial stage of etching, indicating that the etch-mechanism is different for each solution.
Furthermore, when H,PO, was added to the HC1 agqueous solution, the morphology of the etched surface was
greatly enhanced and the sidewall angle was also increased to about 65°C.
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Fig. 1. (a) Eich rate of ZnO as a function of HC] volume
percent in aqueous solution at room temperature. (b) SEM
photograph of a Zn0O sample etched in a HCI 2% solution.
Inset shows the hexagonal pyramid formed on the etched
surface.
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Fig. 2. (a) Etch rate of ZnO as a function of H,SO, volume
percent in aquecus solution at room temperature. (b) SEM
photograph of a ZnO sample etched in a H,SO, 2% solution.
Inset shows the cone-type structure formed on the etched
surface.
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Fig. 3. SEM photographs (457 tilted view) of (a) as-grown and
etched ZnO samples in (b) H;PO,/H,O (0.1/200) and (c) HCV
H,O (0.1/200) for 30 sec.

Table 1. Etch rate and sidewall angle of Zn0, etched using a
HCVYH.PO,/H,O solution.

HCIH.PO,/H,O Etch rate Sidewall angle
Volume ratio {tan/min} (")

0.1 :0.0:200 0.07 45 + 2
0.1:05:200 0.21 50 4 4
0.1 :1.0:200 0.32 53 4+ 2
01:15:200 0.52 65 4+ 2
0.1:20:200 0.65 57 4+ 3

10.0kV 8.3mim x10.0k SE(U}

Fig. 4. SEM photographs of ZnO samples etched in (a) HCl
H.O (0.1/200), (b HCVH,PO/H,O (0.1/0.5/200), and (c) HCV
H:PO,/H,O (0.1/1.5/200) solutions, respectively. Insets show
the magnified SEM images (70° tilted view)
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