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The fabrication of inverted pyramids in crystalline silicon is based on anisotropic 

etching of different crystal planes.1 Anisotropic etching of amorphous silica in 

hydrofluoric acid (HF) not expected.2 Etch enhancement due to Ti and Al layers 

was observed for liquid and vapor phase HF on silicon dioxide.3,4 We used, for 

the first time, a controlled etch behavior beneath certain metal pads to create ul-

tra-sharp and self-perfecting silica pyramids.5 This has impact on capillary 

stamping, plasmonics, photovoltaics and light emitting diodes for example.  

Metal pads were obtained via mask-aligner lithography, electron beam metal 

evaporation and lift-off. Beneath square-shaped metal pads, square-base pyra-

mids were obtained for different aqueous HF solutions (Fig. 1). Unbuffered (Fig. 

1 a-d) and buffered (Fig. 1 e-h) etching yielded perfect pyramids due to enhanced 

etching along the metal-silica interface. The selectivity for the buffered etch was 

higher enabling shallower pyramids. For highly concentrated HF (Fig. 1 i-l) the 

selectivity was much smaller (Tab. 1). Different metals resulted in different lat-

eral etch rates of the metal-silica interface. The fastest etching occurred for the 

5 nm Ti adhesion layer with 50 nm Cr layer (21.5 nm s-1) compared to the same 

Au or Pt thickness (11.4-12.8 nm s-1) or 50 nm Cr without Ti layer (14.1 nm s-1). 

Ti alone cannot fully explain this. We assume a modified interface in general. 

Similar structures were obtained for vapor phase etching (Fig. 3) due to conden-

sation and capillary forces attracting liquid HF below the metal pads.  

In conclusion, 3D surface relief structures in amorphous layers such as thermal 

silicon dioxide, fused silica or borofloat glass could be realized using a general-

ized process.   
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Figure 1 Topography with and without 5 nm Ti/50 nm Au overlay film after ap-

plying different wet etchants: a-d) 10 min BOE etching (w/ overlay), e-h) 10 min 

5% unbuffered HF (w/o overlay), i-l) 2 min 50% unbuffered HF (w/ overlay). 

 

Table 1 Etch behavior of different etchants 

used on 1 µm wet thermal SiO2 on {100} sili-

con substrates with 5 nm Ti/ 50 nm Au mask-

ing. (BOE: buffered oxide etch, HF: hydroflu-

oric acid, IPA: isopropyl alcohol). 

 
 BOE 

≈5% HF 

5% HF  

unbuff. 

50% HF 

unbuff.  

4:1 50% HF:IPA 

vapor / 40 °C  

Vertical rate rv 

(nm s-1) 

1.8 0.4 7.5 0.14 (v) 

Lateral rate rl 

(nm s-1) 

15.7 17.2 42.9 8.3 (l) 

Inclination *(°) 6.5 1.3 9.7 1.0 

Ratio rl / rv 8.7 

 

43.0 5.7 59.3 

(v): vapor phase etching, (l): liquid phase etching due to condensation) 

* estimated from ratio rl/rv,  rl: lateral etch rate, rv: vertical etch rate. 

 

Figure 2 Under-etch behavior 

of different metal masks, also 

confirming corner sharpening 

and self-perfection (#). 

 
Figure 3 Vapor-phase HF etching of 5 nm Ti/50 nm Au pads: b-e) Clear pyrami-

dal etching observed. f-h) metal-Si surface contact leading to surface defor-

mation (wrinkling visible) (scale bar 10 µm). 

 


